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to characterize STSI the Dynamics Explorer 1 and 2 satellites have been used 

ind^ft tu t ° ap environment ‘ analysis of numerous polar-cap passes have 

indicated that, in general, three major regimes of plasma exist: 


(1) polar rain— electrons with magnetosheath-like energy 

spectra but much lower- densities, most 
intense near the cusp and- weakening 
toward the central polar— cap; 

(2) polar wind— low energy upward flowing ions with both 

field-aligned and coixical distributions; 


(3) acceleration events — sporadic events consistent with the 
acceleration of electrons and positive 
ions by parallel -electric fields. 
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INTRODUCTION 


earth^Doleward ^j S & r69i ? n thr ® aded b * “agnetic field lines which intersect the 
earth poleward of the auroral oval. The magnetic field lines of the Dolar ca D are 

earth 3 that * ® P te d as ® ith ® r bein 9 °P en or closed at such large distances from the 
and ihe ^I ^ ® f£ect * vel y °P en - This linkage between the polar cap ionosphere 
fit int ®5 plaaetar Y medium makes the polar cap3 extremely important in the study of 
the interaction between the solar wind and the high-latitude ionosphere sincere 

sSere C wSLrplasma d ^d Ctly C ° nneCt ® d t0 th ° s ® closed-line regions of the magneto- 
SeSDiSt^n in tL i W Me Stored ' ® lectric fielda ‘ currents, and particle 
Many authors have atn^ H^H^ 8 5®®^“* to changes in solar, wind conditions. 

polir-cJo enviroL^ t h relationships between the solat wind conditions and the 

acteristics of polar wp plasms. rSmainS ' mkn ° Wn &t PrSSent kerning the char- 

*F19628^2K-002ranH r w7 1 ^ Air Force Geo Physics Laboratory under Contracts 
25693 Sri FY7121-83-N-Q01, by NASA under Contracts NAS5-26363 and NAS5- 
3, and by the Southwest Research Institute Internal Research Program. 


155 


PRECEDING PAGE PLANK NOT FILMED 


4<i 


andJ ’ fc2 ““ !.« ««*!. motion on three major 

ta t£e" srs =* 

central polar c ap; toward the 

w e°Cr“?: ^=,f ^;^t ^ J ^“ rajlo “ 1 ” 9 iOM with *>« h I1 «“- 

<3) electron! i SnH eVen ! : r" Sp0radiC events distent with the acceleration of 
electrons and positive-ions by parallel electric fields^ 

“o^r 2: 

po^-SSt^ LTS.tSS iSLSrSKSSLT - tor “ 

INSTRUMENTATION 

2 sK^s^r 

rj’-r^ 2 s^srer^-srs. iui 

“Hr “ “ -^^22ZT 

S' 

ScSH rs srs=&wsr 

srsi'ss. srs^s &“ -*• ™ * * - 

a= 

OBSERVATIONS 


Polar Rain 

Hinninghsn end Heikkil. (ref. 3, first described polar rein, using date from the 
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ISIS 1 satellite*- Polar rain is the most common type o£ particle precipitation- over 
the polar caps. This broad and relatively structureless electron precipitation can 
o£ten fill the entire polar cap. The precipitating: electrons typically have thermal 
energies- on the order of 100 ev and are isotropic over the downcoming hemisphere. The — 
energy, flux carried -by the particles is of the order of IQ" 3 to to" 2- erg. cm" 2 sec”* 
(ref.--4>. The spectral distribution o£-4:he polar rain, electrons- has the same shape as — 
that of cusp electrons/ but- is lower in intensity/ suggesting, that polar rain origi- 
nates in the magnetosheath and travels to the polar_ionosphere via the lobes of. the — 
magnetotail . 


Figures la and 1b show differential- energy flux from the. LAPI. instrument aboard 
DE-2 for a portion, of a polar pass on day. 295 (22 October) of 1981. The top panel 
shows data for- 8° pitch angle electrons/ and the bottom panel shows 45°- pitch- angle 
ion data. The upper Center panel shows 90° and 0° pitch angle electron data from the 
GM. tube. The data are coded according to the color bars at the right. Satellite 
ephemeris is shown at the bottom, in this particular pass, DE-2 passed through the 
northern polar cusp at approximately 1306-1307 UT and into the polar, cap. The polar 
rain can be seen clearly as a bright- band in the electron panel over the energy range 
“60-600 eV. The electron flux intensity remained fairly constant in intensity Until 
just after 1309 UT when it abruptly decreased. Notice the lack of ion fluxes over the 
polar cap. 

Figure 2 shows line plots of the average- energy, energy flux, and density of. the 
downcoming electrons for 1306-1311 UT. These parameters are obtained by integrating 
distribution functions over energy from 5 eV to 20 keV. During the entire interval, 
the average electron energy and density remained roughly constant. The average energy 
was about 100 eV and the. density of downcoming electrons was in. the_range of 1-5 cm -3 . 
These values, of energy and density are representative of the polar, rain. After exit 
from the cusp at. about 130Z UT, the energy flux- increased very slightly toward the 
pole un til just after 1309 UT when it decreased by approximately 50%. 

Figure 3 shows a DE-1 high-altitude polar- pass approximately three hours after 
the DE-2 pass shown in Figure 1. During the interval 1617-1619 UT, DE-1 traversed 
the magnetic local time and invariant latitude corresponding to those of DE-2 just 
poleward of the cusp in Figure la. The format is the same as for Figure 1, except 
for the absence of GM tube data. The polar rain may be seen as a band in the spec- 
trogram over the energy range “100-600 eV. Bracketing the polar rain are counter- 
streaming energetic (E>600 eV) electron beams at 0° and 180° pitch angle and upward- 
moving low-energy (E<100 eV) electron beams. The source of the energetic counter- 
streaming electrons is open to question and presently under study by Gurglolo and 
BUrch (unpublished) . Two possibilities for the source would be reflection by a 
potential barrier at the magnetopause (ref . 6) or direct access of solar- el ectrons . 
Upstreaming ion ccnics may be seen in the lower panel. 

Comparing Figure 1 and Figure 3, it iS interesting to note that the polar rain 
is of the same roectral nature at both altitudes, suggesting the absence of any sig- 
nificant acceleration between the two satellite locations. To demonstrate further 
the similarity between the electrons ah the two satellites. Figure 4 shows nuiober 
density, energy flux, and average energy at DE-1 for the period 1614-1619 UT. The 
average energy was "100 eV ( density was “t- cm” 3 and the energy flux was 0.8 ergs 
cm” 2 s”*. The corresponding values at lower altitudes were «iO0 eV, "2 cm” 3 , and "0.8 
ergs cra“ 2 s“*. 
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lite locations is provide/in^igS^sI^shSSn ar| C three P S? lati ° nS * fc th ® two Qatel " 

maps to near the location of the first Lapi^oectrL^p HAPI . at a location -Which 
ses that above photoelectron enercS thf T" Fronv pi ^ re 3 * we first can 

Maxwellian, allowing the temperatures to be JL?° P ? l t ti0n " Can _b6 presented by a. 
fit gives- a temperature of 92 ev, while farther^! 6d * J* 1 ®?* the Cus P a least Squares. 

HAEI spectrum appears well-fitted bv t urt M > ttlc temperature is 99- ev. 

Vies. The low-energy popuHtlon JiTVuSS “ xwelli “ s •*>*• photoelectcon ener- 
the higher energy population has a temperat^e^ U 1 oV. temperature of 65 eV * while 
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polar ionosphere along open^S^tic^ieid 1 !!^? 6 J5. ionos P h eric plasma from the 
sistently been observed to lX SSet^a o^ i H ?**»* ° f ***** ^ con- 
electrons in the upper polar ionosphew Xi ^ ionospheric ions (ref. 7) and 
wind in the literature were limited to the low-alt °® n £ ly ' observations of the polar 
Douson ,re£. 7,. They report.* . co„“ * ^ ““““ “ 

caps in the range 1-5 km/sec and 1-1 w S6e P _ * . _ f ^ and He over the polar 

particles precluded most instruments from direct? 6 " 1316 low ener 9Y °f these 
However, as pointed out by Gurgiolo and Bu^w^ 0 ^ aining a distribution function, 
that the particle velocity should increase with a ltta P ? lar_wind "“dels predict 
altitude satellite DE -1 is an ideal platform from ^t^dy^he^^" 

energy fluxes in i ° as with P«ak differential 

cusp and- polar cap. The flows have^th a Y ! loWln * out «*- dayside 

field-aligned component is unmistakablv th« mi igned and a conic component. The 
concluded that the conics observed < n ? 6 ^°f ar wind. Gurgiolo and Burch (ref. 5 ) 

ion. that hay, ...» ” " ith *° Ur — ■ “« P»£Si£ 

979 TJSSSTJT .*■*- * P— P«3 on day 

the same format as Figure 3. E^h spectroarS dicA «.v particle spectrograms on 

for the particle detectors which lie closelTto^h? "T ® differentiai energy flux, 
netic field vector. the plane containing the local mag- 

The satellite wrinsiS“th. U ^p 1> ^i°g ions Inear 180« pitch angle), 

f ' the satellite passe* thr^tS ^l^** ^!^ T™* “ F±9 “ e «*• « Mil 
a gradual increase in energy throughout and sliah?i ^ undary * The upward ions showed 
begin to decrease steadily, the Deak in «-v. » . ? ^ poleward of the cusp, then they 

Ping helow the lowest ^ne^y ch.S of flux Sop- 

aligned ions appear as "tuning forks" in t-ho* ^ hin the cusp, the conic and field- 
ics become less and less apparent as ^^L SpeCtr ° grams - ln «ie polar cap the con- 
and field-aligned ions decrease, in the oolar^ angular separation of the conic 

field-aligned ions from -1 80® pitch angle^o -165? ?!' SO iS * Shift in the 

f angie to -165® vindicating an antisunward flow. 

Figure 7 shows a detailed view of +h a m 
sets are shown, each of which was avenm i ield aligned ion population. Two data 

counting ststistics. Esch of th. ^.trlhutl^ »sTtr“ Sf^TSS^tlrST 
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the plasma prior to averaging (except for S/C charging Which was about 20V) • The two 
data eete-Were taken beginning. t434:Q5 UT (solid circles) and 1434:54 UT (open 
circles) *- In Figure 7 Maxwellian distributions are straight lines, with, the slope 
being proportional to the plasma temperature and the intercept with, the distribution 
axis being proportional to -the plas m a dens i ty . 

From Figure 7 we can- see-that- the field-aligned ion- component observed, in the 
polar regions is comprised of two. ion. populations— a low energy component with tem- 
perature below .5 eV and-a. high energy tail with temperature above 1.5 eV. Both ion 
populations would .appear to be well represented by_a Maxwellian distribution, allow- 
ing tiie estimates of . the temperatures to be made, A least squares fit to the low- 
energy population of Figure 7 gives a temperature of .29±.16 eV (320G°K±1800K) . The 
corresponding temperature of the high-energy plasma population in Figure 7 is found 
to be 2.71.7 eV. The peak at about 1 ev may be due to an ion heavier than H + . 

There is little doubt that the lower energy, f lex -.-aligned ions constitute the 
"Classical" polar, wind. The high energy tail, however, is not a feature predicted by 
polar-wind. models. It is likely that this hotter plasma is the result of a perpen- 
dicular heating of polar-wind ions. Assuming that all ions in the polar wind are of 
equal temperature. Figure 7 gives heating on the order of 4 to 10. 

We envision a scenario as shown in Figure 8 occurring during the polar wind 
escape along magnetic field lines. At low altitudes the generation of the polar wind 
occurs and ionospheric ions begin to escape along the open polar cap and cusp field 
lines (Figure 8a) . The presence of ion perpendicular heating along the open field 
l inag produces the characteristic conic signature (Figure 8b) . The distribution 
above the heating region can be considered a two-component plasma consisting of un- 
heated and heated polar-wind particles. The unheated polar wind is still field 
aligned, while the heated ions have large velocities in the direction perpendicular 
to B. As the distribution travels upward, the perpendicular arms of the distribution 
will begin to collapse toward the magnetic field, direction in accordance with the 
first adiabatic invariant, and. a field-aligned high energy tail to the polar wind 
Should develop (Figure 8c). Figure 8d shows contours of a typical conic/polar-wind 
population measured in the cusp on day 272. 

Ion conics have been reported by numerous people (Refs. 9 and 10). Theories as 
to the production of the conic ion distribution have favored a perpendicular heating _ 
by electrostatic ion-cyclotron waves (ref. 9, refs. 11 and 12), although recently 
(ref* 13) it has been proposed that a heating by lower hybrid waves may also be a 
viable conic generation mechanism. The problem is, however, that most of these theo- 
ries are applicable only at low altitudes in the auroral zone. Adaptations of the 
theories to the environment of the— polar cap must be made to explain these observa- 
tions .- 

Using the observed conic pitch angle distribution, the altitude of the observa- 
tion and an assumed value for the initial conic pitch angle, it is possible through 
the first adiabatic invariant to estimate the altitude of the conic generation. In 
general the initial conic pitch angle for such computations is assumed to be 90°; 
however, if the source plasma already has a significant V n , as the polar wind does, 
then the initial conic pitch angle is expected to shift to lower values. Using a di- 
polar magnetic field approximation and estimating the values of the initial conic 
pitch angle through energy conservation arguments (which assume that V B does not 
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to the heating altitude-at 8000 km. 


Acceleration Events 

Smi^P?ss=r 

of ions and electrons above the polar cap V<i in^thi?*! 3 ? C £ield ” allyned ecceleration 
nervations- made on October 

Figure 9 shows a spectrogram of 180® ions and no nif .L , . 

HAP1. The satellite crossed the t. ° Pitch angle electrons from 

1650 OT* Two intervalfif P * rC f±eld lines durin 9 the interval 1630- 

1633:15 OT and «1 642- 1649^ FiLr^lQ^h flUX * S below 1 keV were seen: «1631:30- 

tribetion fonotion. of£„T nSSTtoi? ^1^““ ° £ ““ 109 ° £ °» <*- 

1632=45- 1632=S? OT. The 2n. Z»d l itrol ^ “\ (Pia “ r * 10b) f ° r “•« Nerval 

The electron fluxes ware £«-!!! !«L!w 9 P ? “ 9 beam “ ««>roximat.l, too ev. 
tron and ion observations indicated thee ° r * °* S cone * Thus * the combined elec- 
below the s.t.u!«“ui*»de “ ’«» ev potential drop la, 

1646 = 30 l9 S‘,6«^6° W OT? On BrS i s in tl t i* r/T"' 1 ’"' <»- *• the interval 
trons showed a- downcoming beam of «100 ev "thus the°a S 1 f otro ? lc ' «hile the elec- 
to be above th^atellite’ altitude IS»M *" 

-1 ?^^1S2S^.Sl3*3i5S ™ to those observed by 

of the polar cap acceleration "ev.ntf ’ ^“tside auroral zone, except that the energj 

(ref. 14) have already noted that the ola™'’ c °t rel ®tron studies by Hardy et al. 
events at low altitudL“re am"“,r to those “ 9 “ t “ e ‘ ° £ *° 1 ** «P ®==®l®ration 
electric field responsible for th! *?.!- ° £ ®*®» l "? discrete arcs. The parallel 

same process as the evening auroral^rc!? 0 * 1 ” *° C *' eratlo “ could be produced by the 

(«wwis^t3ssri2 ssss at i °" aititudM 

polar-cap acceleration (v-E<0) (r!f is? :?? ? £lelds B ° M towara the region of 

therefore a region of negatwi oh^ge^Sreni*'? 31 ?”?!?” "fS iS 

taneous electric field, magnetic field and l * f * 16) used the simul-- 

satellite to demonstrate that uDwaid ni^fi! ! 1UX measurements of the S3-2 

sar-TSST 

to the ionosphere (ref. "“«"®t«Pl>erlc convective electric fields 
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SUMMARY AND CONCLUSIONS 


Plasma, measurements- made on the pynaroics Explorer 1 and 2 spacecraft are pro- 
viding new information on the altitude dependence of polar- cap plasma- populations# 

their sources, and the acceleration processes-they undergo. In this study, we have 
found- that the polar^rain electron population apparently exhibits no significant 
altitude dependence between altitudes of a few hundred to- ~20 , 000 km. This result 

was expected from- the magnetosheath-like energy spectrum of the low-altitude polar... 

rain. 

In the case of the polar wind# a significant velocity increase was theoretically, 
predicted to occur between the two spacecraft altitudes# and this effect has been 
confirmed by the DE-1 plasma measurements. A major result of our study of the accel- 
erated polar wind, is its significant conic component# which indicates that the ions- 
are heated perpendicularly as they emerge from the polar-cap ionosphere. The gradual 
decrease in polar-wind energy that is observed to occur from the cusp across to the 
nightside polar cap suggests that the perpendicular heating process# probably in cy- 
clotron waves# is most intense near the cusp region. - 


Significant altitude effects are also observed in the plasmas that occupy mag- 
netic flux tubes connected to polar-cap auroral arcs (or theta- auroras) . At DE-2# 
typical low-energy (~1 j 00 eV) inverted-V electron distributions are observed. At DE-1 
the electron and positive-ion distribution functions are consistent with electro- 
static potential drops that are at times below the typical DE-1 altitude of 15,000 to 
20,000 km- and .at times above these altitudes. -Thus# compared to auroral-oval accel- 
eration. regions those in the p olar c ap appear to be weaker and at significantly 
higher altitudes. 
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(a) 13:04 to 13:09 UT. 



(b) 13:10 to 13:16 UT. 


Figure 1. - LAPI energy-time spectrogram for DE-2, day 295 of 1981. 
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Figure 3. - HAPI energy-time spectrogram for OE-1 , day 295 of 1981. 

i 


!! 








ff (sec /km 



ENERGY (eV) 

Figure 5. - Near-field-aligned electron populations. 
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(a) 14:04- to 14:07 UT. 



(b) 14:16 to 14:19 UT. 


Figure 6. - MAPI energy-time spectrogram of DE-1, day 272 of 1981. 
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(c) 1 4 : 31 to 14:34 UT. 

Figure 6. - Concluded. 
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Figure 8. - Evolution of polar wind 




Figure 9. - HAPI energy-time spectrogram of DE-1 , day 290 of 1981. 
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(a) Ions. 

Figure 10. - HAPI contour plots for DE-1, day 290 of 1981, 16:32:45.1 to 
16:32:57.1 UT. 
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(b) Electrons. 
Figure 10. - Concluded. 
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